Abstract. This work characterizes the physical and chemical properties of slag from combustion of municipal sewage sludge in "Pomorzany" waste treatment plant in Szczecin. The technology of sludge management is based on drying the sludge in low-temperature belt driers, to a content level of at least 90%, dry mass., and then burning in a grate boiler with mobile grate. The research of the slag resulting from combustion of municipal sewage sludge was conducted using reference methods, presenting images from a scanning electron microscope. The tested waste contained from 16.300 to 23.150% P2O5 completely soluble in strong acids, pH 8.03, mineral substance 98.73% dry mass. The content of heavy metals did not exceed the permissible amount specified in the Regulation of the Minister of Agriculture and Rural Development of 18 June 2008 on the implementation of certain provisions of the Act on fertilizers and fertilization (Journal of Laws of 2008 No. 119, item. 765). The screening trials showed that 48.4% are fractions of 630 µm-1.25 mm. The results show that the waste code 19 01 12 may be used as: alternative source of phosphorus for direct application to soil treatment, for production of organic -mineral fertilizers and as construction aggregate for production of concrete mortars.
Introduction
In highly industrialized countries, management and disposal of sewage sludge is a logistical, economic and above all an environmental problem. Sewage sludge is characterized by a high organic load, chemical pollutions. It also constitutes a health risk, due to the presence of pathogenic bacteria, viruses and other pathogenic organisms [1] [2] [3] [4] . The increase in the degree of sewage treatment increases the amount of sludge. Therefore, an appropriate manner of its disposal must be ensured, allowing for safe use that does not endanger people and the environment. Management and disposal of sewage sludge is achieved through a variety of processes, such as composting, drying, incineration, pyrolysis and methane fermentation [1, 2, 5, 6] . The main areas of sewage sludge utilization are agriculture and land reclamation. Its disposal is most commonly performed by composting, incineration and storage.
In 2013 in Poland, 540.3 thousand Mg of dry mass of municipal sewage sludge was produced [7] of which approximately 41% was disposed of by storage and accumulation in treatment plants (in landfills, lagoons and sedimentation ponds). Further development trends were, among others, usage in agriculture (20%) and thermal conversion (14%). The basic technological processes of disposal of sewage sludge currently used in Polish waste treatment plants include: composting, drying, incineration, pyrolysis and methane fermentation [1, 8, 9] .
In accordance with Annex 4 to the Regulation of the Minister of Economy of 16 July 2015 on admission of waste for storage in landfills, non-stabilized sludge cannot be stored as of 1st January 2016.
Therefore, one of the best methods of disposal of sewage sludge is the utilization of thermal methods [2, 5, 10, 11] . Products resulting from the combustion of sewage sludge are not neutral to the environment. The quantity and quality of pollutants depend on the chemical composition of the deposits, the combustion technology and the exhaust gas treatment. In many countries, incineration of sewage sludge is common. Systems designed for this purpose are equipped with systems for control and removal of pollutants in exhaust gases [12] .
The aim of the study was to characterize the physical and chemical properties of slag resulting from combustion of municipal sewage sludge in "Pomorzany" waste treatment plant in Szczecin and to determine the possibility of using it as: an alternative source of phosphorus for direct application to soil treatment, production of organic -mineral fertilizers and as construction aggregate for manufacturing concrete mortars .
2 Sludge management in the "Pomorzany" waste treatment plant in Szczecin
The "Pomorzany" Waste Treatment Plant in Szczecin ensures the required parameters of treated sewage. However, the greater the effectiveness of treatment, the more waste remains after the purification process.
Waste removed at the start of the mechanical treatment -the screenings -the residue of sifting via the gratings and sand -suspended mineral solids removed at the sand traps, are subjected only to rinsing to reduce the organic parts content, and their content of water is reduced -by compression in case of screenings or separation on a screw conveyor for sand. The main role of sludge processing is to minimize their amount and volume through draining part of the water and neutralization of the sludge -so that it does not pose a threat to the environment. The first phase of handling sludge is to drain part of the water in the process of compaction. Due to different properties of the initial and excessive sludge, compaction is carried out in different ways [13] . The initial sludge is periodically received from the sedimentary hoppers of primary settling tanks and then is gravitationally concentrated. The concentrated sludge from the bottom is periodically received and transported to the mixed sludge tank. The thickened excess sludge is also fed to this tank. The excess sludge is periodically received from the active sludge chambers. The biological structure of sludge means that most of the water contained in it is water bound in the cells. Before feeding the sludge into the compaction device, it is conditioned using polyelectrolytes. The general flow diagram of sludge management is shown in Figure 1 .
The initial sludge is gravitationally pre-compacted up to about 5% of dry weight, the excessive sludge concentrated in mechanical compactors contains about 6% of dry 2 E3S Web of Conferences 22, 00054 (2017) DOI: 10.1051/e3sconf/20172200054 ASEE17 weight. The initial and excessive sludge, after concentration, is discharged to the concentrated sludge tank and from there, by means of pumps, it is forced into two closed septic tanks. Inside them, mesophilic fermentation is performed at a temperature of approx. 37°C. The biogas produced inside the chamber is stored in two double-shell tanks with a capacity of 1500 m 3 each, and after desulfurization using the biosulfex method (the process results in elemental sulfur), is used as fuel in cogeneration units.
The Department of Water Supply and Sewage Ltd. in Szczecin has chosen a technology of thermal disposal of sewage sludge. This technology is based on dehydration of sludge by means of four conveyor presses, up to a dry weight content of about 20%, drying in contact dryers up to 90-92% dry weight and burning in two boilers of two steam boilers with power of 2460 kW. 
Research methods
The study used slag after combustion of municipal sewage sludge (waste code 19 08 05) in the "Pomorzany" Waste Treatment Plant, code 19 01 12.
The analytical physicochemical properties of the tested slag were performed using reference methods, in accordance with applicable standards and instructions pH -PN- Slag is formed as a result of incineration of dehydrated sludge in a mechanical grid boiler.
This sludge was sifted on a vibrating shaker and fractions were separated. Table 2 lists the particle size of the slag fractions. with content of grains with individual diameters. Studies have shown that 29.2% was formed by the fraction of < 500 µm. and 0.3% was formed by fractions of 5 and 4 mm. Figures 2 and 3 show the appearance and structure of the slag samples in crude form. Table 3 and The chemical and physical properties of the test material are presented in Table 3 and  Table 4 Slag samples obtained for research was characterized with alkaline reaction. It had dry weight content of 95.50% and 1.27% of organic matter (Table 4) . While searching for ways of utilizing sewage sludge in the form of slag. an attempt was made to evaluate slag's suitability for being used as fine-grained aggregate for cementitious mortars. Hence. it was necessary to determine density of the waste and. for this purpose. pycnometer method was used in accordance with norm PN-88/B-04481. Due to conducted research. density result of 2.86 g/cm 3 was obtained. This is a value higher compared to typical natural aggregate -quartz sand (2.65 g/cm 3 ). Furthermore, a microscope evaluation was also conducted with the use of both stereo (Figure 4a ) and electron (Figure 4b ) microscopes.
Images on Figure 4 clearly indicate the porous structure of slag. From one side, this a positive trait due to the fact that it results in low volumetric density and provides an
advantage of convenient thermal insulation. On the other side however. it results in lower level of mechanical durability and increased water absorption. In order to utilize this waste as a fine-grained aggregate for construction mortars. it is necessary to pass it through a set of sieves corresponding with mesh size for screening natural sand - Figure 5 . which will allow slag to be combined into the mortar mixture. Nonetheless, it is worth remembering that slag's porous structure would require a special procedure of regulating the amount of water dosed into the mortar mixture. This will comprise the sum of batched water and water added. which results from the aggregate's absorption while the components are being mixed. This has both advantages and disadvantages. What is a positive aspect is the fact that water absorbed by the slag's grains during maturing period encourages self-care in the grain-cementitious matrix contact area. As a consequence. it enhances the adhesion of both elements. Furthermore. one can also expect increase of tensile strength of the composite due to the added waste [14] . The disadvantage is the fact that an excessive amount of water. unused during the hydration reaction process. leaves microporous material while evaporating during the maturing period. which undermines the structure of the obtained composite. Nonetheless. bearing in mind different needs regarding the properties of cementitious mortars. the usage of slag allows for obtaining lower volumetric density compared to traditional mortars. more convenient thermal insulation properties as well as an interesting coloring. Furthermore. this also complies with expectations set out in Regulation no 305/2011 of European Parliament and Council (EU) of 9th March 2011. regarding the introduction of construction products manufactured with the use of secondary recycled and raw materials to the EU market.
Scanning electron microscope Hitachi TM 3000 equipped with EDS unit was used in order to determine the elemental composition of the analyzed slag - Figure 6 . This allowed to observe the elemental concentration spectrum (Figure 7 ). As indicated by the presented summarizing of elements - Figure 6b ), the analyzed slag either lacks heavy metals or their concentration is so low that it cannot be detected by EDS. This provides the guarantee of safe use of this waste in construction mortars as well
